In Mobile IP, MN detects its movement according to subnet prefix and router advertisement interval which forms a uniform distribution in the region [min,max]. Therefore, the size of this region has a direct impact on movement detection delay. However, this region is configured statically in Mobile IP, which is inconvenient and inflexible. In this paper, this region is adjusted by using the link bandwidth, and a movement detection delay formula is given. In addition, the proposed method is modeled and analyzed. All the results show that the dynamic region, compared with the fixed region, could reduce the unnecessary movement detection delay drastically.
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Introduction
Mobile IP [1, 2] is a solution for mobility on the global Internet by IETF. When MN moves from an old Access Router (oAR) to a new Access Router (nAR), it will carry out a handoff which contains three stages: (1) link layer handoff; (2) movement detection; (3) binding update and media redirection, etc. However, the handoff process will cause extraordinary latency, some methods are proposed to reduce the latency, e.g. In Ref. [3] , the author proposes a seamless handoff architecture which builds on the top of the hierarchical approach [4] , the fast handoff mechanism [5] etc. In this paper, we aims at reducing the movement detection delay.
Movement detection is an important stage during the handoff process. MN detects its movement according to subnet prefix and router advertisement interval. Movement detection delay has a close relationship with router advertisement interval. In Ref. [6] , the movement detection delay in the case of period advertisement interval has been analyzed; in Ref. [7] , some people analyze it in the case of uniform distribution advertisement interval.
However, in Ref. [7] , the whole analysis is not strict, which is built on the following "intuition": (See the explanation in Fig.1 .) X 0 C R Fig.1 The movement detection model in Ref. [7] Figure 1 plots the movement detection model in Ref. [7] , where C denotes the time at which an MN enters a new link; R denotes the time at which the MN receives the first router advertisement after C; 0 denotes the time at which router sends an advertisement prior to R. The author assumes that the probability that C occurs in an interval is proportional to the length of the interval, which maybe conforms to our intuition, but it is not strict to analyze the movement detection delay based on the intuition. However, this paper will analyze the movement detection delay using the renewal theory. In Ref. [8] , the author passively reduces the movement detection delay by making a fast response to router solicitations. However, this paper proposes an active method to reduce it by the current link information.
This paper is organized as follows: In Section 2, we give the basic definitions; in Section 3, we model and analyze movement detection delay based on fixed region; and then, in Section 4, we model and analyze movement detection delay based on dynamic region; in Section 5, the numerical results are illustrated; finally, in Section 6, we
give the further research directions and conclude the whole paper.
In this paper, we use concepts in Mobile IPv6, but the result is true for Mobile IPv4.
Basic Definitions
Before analyzing the movement detection delay, we firstly give the following definitions.
Movement Detection Delay: the interval from when an MN finishes Layer 2 handoff to when it begins to Layer 3 handoff. It is a random variable. The flag of Layer 3 handoff is that MN sends a binding update message.
In this paper, we only analyze the movement detection delay based on the Eager Cell Switching (ECS) strategy.
The basic idea of ECS strategy is that MN should carry out Layer 3 handoff upon receiving a new router advertisement. The detailed description can be found in Ref. [9] .
Advertisement Interval: the interval from when an AR sends an advertisement to when it sends the next advertisement. It is a random variable.
Region R: Denoted by R= [a,b] .
We call R as a region in order to distinguish with advertisement interval. R is uniquely decided by a and b. In this paper, it is often said that the advertisement interval forms a uniform distribution in region R. In addition, in order to avoid trivial analysis, we assume that the time when an MN enters a new subnet is the time when it has finished Layer 2 handoff. However, it doesn't mean that we neglect the Layer 2 handoff delay.
Model and Analysis of Movement Detection Delay Based on Fixed Region
It is suggested in Ref. [10] that the advertisement interval should be a stochastic time in order to prevent long-range periodic transmissions from synchronizing with each other. Furthermore, it is recommended to let the advertisement interval be independent of each other, and form a uniform distribution in the region [min,max] .
Unlike the analysis in Ref. [7] , in this section, we analyze the ECS strategy in the case of a general stochastic advertisement interval using the renewal theory [11] . If we model each advertisement interval as a random variable, then, we get a stochastic sequence (ξ n ), which should be independent of each other, and identically distributed with the same random variable ξ. In addition, let θ denote the movement detection delay for ECS strategy, then, (ξ n ) is Let F ξ (t), E(ξ), D(ξ) be the distribution function, mean and variance of ξ, respectively; let f θ (x), E(θ) be the density function and mean of θ, respectively. By Ref. [11] , we have
If the advertisement is sent periodically, ξ could be looked as a degenerated distribution with constant a (a>0). By (1), we have:
Therefore, θ is a uniform distribution. This conforms to the result in Ref. [6] .
Proposition 2.
If ξ is a uniform distribution in the region [a,b] , by (1), we have
By (1), (3), if E(ξ) is fixed, E(θ) decreases as D(ξ) decreases, which indicates that a lower value of E(θ) is achieved by letting a and b have values close to each other (See Fig.4) . The phenomenon is also observed in Ref. [7] .
Specially, if b=a, the advertisement is sent periodically, E(θ)=a/2. This also conforms to (2).
Proposition 3. Let ξ 1 denote a degenerated distribution, ξ 2 denote a uniform distribution, ξ 3 denote an exponential distribution, and E(ξ 1 )=E(ξ 2 )=E(ξ 3 ), then, by (1), we have E(θ 1 )<E(θ 2 )<E(θ 3 ), which indicates the movement detection delay is minimal if adopting a period advertisement interval.
Model and Analysis for Movement Detection Based on Dynamic Region
In Mobile IP, MN detects its movement depending on subnet prefix and router advertisement interval which forms a uniform distribution in the region [min,max] . Therefore, the size of this region has a direct impact on movement detection delay. However, this region needs to be configured statically; moreover, it is very difficult to configure a right value for different links (e.g. the advertisement being sent fast will waste limited wireless bandwidth and cause congestion; otherwise, it will add movement detection delay). Therefore, this is inconvenient and inflexible. Contrary to this, in this section, we adapt to the use of link bandwidth to make this region be adjusted dynamically. Let R denote the current region (1≤i≤3, see Table 1 and Fig.3 ).
When a new or handoff call arrives in the given RA domain, if 
= i R R
Similar to Section 3, let θ be the movement detection delay based on the dynamic region, by the RAA and the complete mathematical expectation formula, we have
where, by (3), 2 2 ( | )= 3( )
; by RAA, ( ) 
It is easy to know: ( ) s τ φ is the characteristic function of negative binomial distribution. Therefore, X t is a negative binomial distribution.
B B
≈ . By (4), RA can always send fast the router advertisement, which indicates the proposed method have no effect on the link which has plentiful wireless bandwidth.
Numerical Results
In Fig This indicates that the proposed method can dynamically adjust the region by using the link bandwidth. When the link is idle, RA sends fast the advertisement, so that MN can early receive the router advertisement; when the link is congested, RA sends slowly the advertisement to avoid further congestion. Therefore, the proposed method can reduce unnecessary movement detection delay. 
Conclusions
In this paper, we model and analyze the movement detection delay in Mobile IP using the renewal theory.
Then, aiming at the defection of movement detection algorithm based on the fixed region in Mobile IP, we propose the movement detection algorithm based on the dynamic regions, which could be adjusted automatically by the current link information. The illustration shows the proposed method is better than the one in Mobile IP.
